Summary
This paper describes pathological changes and the frequency of isolation of Salmonella enterica subsp. enterica serovar Gallinarum (O: 9, 12) from internal organs in broiler chicks experimentally infected through oral or intraperitoneal routes. The experiment was conducted on 110 one-week-old chicks divided into three groups: the CR group (30 chicks) was kept uninfected and served as control, the OR group (40 chicks) was inoculated orally with Salmonella Gallinarum (10 9 organisms/ml), and the IP group (40 chicks) was infected intraperitoneally with Salmonella Gallinarum (10 9 organisms/ml). Three birds from each group (dead or sacrificed) were observed at 3, 5, 7, 14, 21, 28, 35, and 42 days postinfection for evaluation of gross and histopathological changes in visceral organs, and for frequency of isolation of Salmonella Gallinarum from internal organs. Gross and histopathological changes were compared between infected groups by measuring mean lesion scores. The gross and histopathological changes in visceral organs, although similar in both infected groups, were more severe and observed at earlier stages of infection and in more birds in the IP group. There was however no significant difference between the two infected groups in the frequency of isolation of Salmonella Gallinarum from internal organs, even in fecal sheddings. It was therefore concluded that the intraperitoneal route should be primarily considered for inducing Salmonella Gallinarum infection in experimental trials.
routinely experimentally infected by Salmonella Gallinarum to evaluate efficacy of different drugs and vaccines. The alimentary tract is the natural route of Salmonella infection in poultry. Following oral ingestion, Salmonella penetrates the mucosal epithelium of the small intestine, interacting with columnar epithelium cells and microfold cells. Salmonella has been shown to survive and replicate within macrophages residing in the lymphoid follicles in the intestines. Macrophages have been found to play an important role in the dissemination of Salmonella to organs of the reticulo-endothelial system such as the liver, spleen and bursa (17) . The experimental reproduction of FT in adult chickens via oral Salmonella Gallinarum challenge requires a very high titer as well as treatment with some reagents to reduce the effects of gastric juice (6, 35) . This inherent difficulty in the reproduction of FT has been an obstacle to the experimental evaluation of vaccines as well as to understanding FT outbreaks in the field (6) . Alternate routes, i.e. intraperitoneal and respiratory routes, have also been reported to induce experimental FT (5, 6) . However, the comparative study of Salmonella Gallinarum infection through intraperitoneal and oral routes is scanty. Thus we explored the feasibility of using the intraperitoneal route in experimental birds as a cost effective alternative model to study FT further. The clinico-hematobiochemical changes have already been described in a previous paper (29) ; this article focuses on the gross and histopathological lesions and the isolation of the bacteria from visceral organs.
■ MATERIALS AND METHODS

Experimental birds and their management
The study was carried out in the experimental house of the Department of Veterinary Pathology, Faculty of Veterinary Science and Animal Husbandry, Shere-Kashmir University of Agricultural Sciences and Technology, Kashmir, India, with 110 unsexed oneday-old broiler chicks procured from a local hatchery. The birds were treated humanely during the whole period of the experiment and the work was agreed upon by the Institutional Animal Ethics Committee on ethical standards in animal experimentation (No AU/ FVS/Estt/C-12/16638-40). The chicks used were from the same breeding flock. They were reared for a period of 49 days under strict hygienic conditions and maintained on broiler mash from day 1 till the end of experiment. Feed and water were given ad libitum. Bacteriological and serological examination showed that the birds were negative for Salmonella at the beginning of the study.
Salmonella strain
The Salmonella Gallinarum strain (from here on called "SG") used for inducing infection was isolated according to the standard method from a disease outbreak in a private broiler farm in Ganderbal area in October 2009 (21) . The isolate was serotyped as Salmonella enterica subsp. enterica serovar Gallinarum with the antigenic structure O: 9, 12 by the National Salmonella and Escherichia Research Institute, Kasauli, Himachal Pradesh, India. The SG strain was selected after it was shown to be virulent following a preliminary infection experiment using seven-week-old commercial broiler chickens.
Experimental design
At day 7, before infecting the chicks with the SG strain, they were divided in three groups: uninfected (n = 30, control birds, group CR), orally infected (n = 40, group OR) and intraperitoneally infected (n = 40, group IP). The chicks of groups OR and IP were challenged with 10 9 organisms of SG strain in one millimeter of normal saline. The three groups of birds were kept separately in different rooms of the experimental house.
Pathological findings
Birds from each group were observed thrice daily (morning, noon and evening) for clinical signs and mortality. Following SG infection on day 7 (day 0 of infection), three birds from each group were euthanatized at 3, 5, 7, 14, 21, 28, 35 and 42 days postinfection (DPI) by cervical dislocation for gross and histopathological studies. However if any bird died due to infection during these specific days, the number of euthanatized birds was reduced to keep the total number (sacrificed + dead birds) equal to 3. Representative tissue samples from the liver, spleen, heart, lungs, bursa of Fabricius, kidneys and intestines were taken from both dead and euthanatized birds and fixed in 10% neutral buffered formalin. These were processed for paraffin embedding using alcohol as dehydrating agent and benzene as clearing agent. The sections were cut at 4-5 µm thickness and stained by the routine hematoxylin and eosin method (24) .
Lesion scoring
Gross and histopathological lesions in birds of all groups were scored. Dead birds in OR and IP were also taken into consideration for scoring. Each of the gross and histopathological lesions in different organs was graded as mild, moderate or severe with corresponding intensity scores of 1, 2, and 3. The lesion score was determined for each of the organs in sacrificed and dead birds of a group by multiplying the gross lesion intensity by the number of birds showing that particular intensity of lesion and then by dividing the total number of birds (sacrificed + dead) examined for lesions.
Bacterial isolation and identification
The samples from the liver, spleen, heart and ceca as well as fecal samples were collected from each sacrificed or dead chick at 7, 21 and 35 DPI for bacterial isolation and identification. The samples were individually collected in Rappapart Vassiadis (Oxid, UK) and incubated at 37°C for 18-24 hours. They were then streaked onto brilliant green agar (BGA) and xylose-lysine-desoxycholate agar (XLD) and incubated at 37°C for 24 hours. The identity of suspected blank colonies from XLD and pink colonies from BGA were biochemically confirmed (40) .
Statistical analysis
An analysis of variance (ANOVA) was used to test for level of significance of gross lesion scores (36) . When differences were significant, Tukey test was used for comparison of mean gross lesion scores between different groups at 95% confidence level using SPSS 17 software (19) . Similarly, total histopathological lesion scores were determined for each group and analyzed by ANOVA, and mean values in different groups were compared by Tukey test. Table I shows the number of birds that died in the different experimental groups at various DPI. No mortality was recorded in the uninfected birds of the control group. Maximum mortality was observed in IP (47.50%) with most of the birds dying from 1 to 7 DPI, and peak mortality (four chicks) observed at 4 DPI. Clinical signs, previously described (29) , were observed in IP as early as 12 hours after infection and in OR at 3 DPI. Recovery was noticed in OR from 21 DPI, and in IP from 15 DPI. Table II shows the intensity of gross lesions in different organs of the experimentally-infected birds. The birds in CR did not exhibit any gross lesion in any of the organs examined throughout the experiment. Gross lesions were first detected in the visceral organs of IP birds at 1 DPI and were not detected in OR birds until 3 DPI.
■ RESULTS
Initial changes in OR birds included congestion of visceral organs, enlargement of the liver and spleen, and thickening of intestinal mucosae. Necrotic foci on the surface of the spleen and liver were observed at 9 and 14 DPI. Other changes included a bronze discoloration of the liver and mild grayish nodular areas on the ventricular region of the heart.
In IP birds, the initial changes, in addition to congestion of visceral organs, included severe enlargement of the liver and spleen, and distention of the gall bladder. Prominent necrotic foci on the spleen were observed at 5 DPI. Small necrotic foci were visible on the liver as early as 5 DPI, however larger necrotic areas on the liver were observed in a bird which died at 10 DPI (Figure 1 ). Severe congestion and swelling of the kidneys were observed in IP. In this group, clearly visible grayish white nodules of various sizes were observed at 21 DPI projecting above the surface of the heart (Figure 2 ). In general, the gross changes in IP infected birds were similar to those observed in OR infected birds but the lesions were more severe and observed at earlier stages of infection and in a higher number of birds.
Table II also shows the intensity of histopathological lesions recorded in different organs of experimentally-infected birds. The histopathological changes in the liver of OR infected birds at 3 DPI were characterized by congestion of blood vessels, hemorrhages, and mononuclear cell infiltration around blood vessels, besides isolated foci of necrosis along with infiltration of heterophils observed at 14 DPI. IP birds showed similar lesions in the liver at 1 DPI, whereas at 3 DPI, aggregates of heterophils were observed in the parenchyma (Figure 3 ). There were numerous large-sized necrotic foci along with infiltration of heterophils at 7 DPI and 10 DPI (Figure 4 ).
Large necrosis areas causing severe depletion of the lymphoid tissue along with reticular endothelial cell hyperplasia were noticed in the spleen as early as at 5 DPI in IP ( Figure 5) . A similar type of lesions but with less intensity was observed in the spleen of OR chicks at 7 DPI onward ( Figure 6 ). The heart showed degeneration of myocardial muscles at 14 DPI and 21 DPI due to infiltrating mononuclear cells, which was mild to moderate in OR ( Figure 7 ) and extensive in IP resulting in atrophy, necrosis, and replacement of the heart muscles ( Figure 8 ). The lungs showed congestion in the interlobular septa and hemorrhages in the parabronchi of both infected groups. The interlobular septa were infiltrated with mononuclear cells mixed with heterophils. The kidneys showed congestion, interstitial hemorrhages, mononuclear cell infiltration in the interstitial tissue along with mild degenerative changes in the tubular epithelium from 3 to 21 DPI in OR. These changes were accompanied by moderate to heavy degenerative changes in the tubular epithelium at 5 and 7 DPI in IP. In the bursa of Fabricius, a mild depletion of lymphoid tissues in the follicles along with infiltration of lymphocytes in interfollicular spaces were noticed from _  14  0  3  1  2  0  3  21  0  3  0  3  0  3  28  0  3  0  3  0  3  35  0  3  0  3  0  3  42  0  3  0  3  0  3   Total  0  24  9  19  19  19 Mortality (%) 0 22.50 47.50
Table I
Mortality pattern and number of birds sacrificed in the different groups of broiler chickens infected by oral or intraperitoneal routes with Salmonella Gallinarum CR: control group; OR: chicks inoculated orally with Salmonella Gallinarum; IP: chicks infected intraperitoneally with S. Gallinarum 14 DPI onward in OR. In IP, in addition to depletion of lymphocytes, atrophy of bursal follicles, degenerative changes and slight metaplastic changes (in the epithelium separating the cortex from the medulla) were also evident at the early stage of infection. In OR birds severe catarrhal enteritis was observed, characterized by congestion, marked goblet cell hyperplasia, infiltration of heterophils and mononuclear cells in the lamina propria, mucosa and submucosa, and degeneration and desquamation of the epithelium. These changes were less prominent in IP birds.
Lesion scores varied between the different organs of a group as well as between the two infected groups. Mean gross lesion scores for the liver and mean histopathological scores for the liver, spleen and heart were significantly higher (p < 0.05) in IP than in OR birds (Table II) . However, mean gross lesion scores and mean histopathological scores for the intestines were significantly higher (p < 0.05) in OR than in IP birds (Table II) .
SG was isolated from all the cultured samples of dead chickens. No significant differences between the two infected groups in their frequency of isolation from internal organs were observed at any time postinfection. Mean SG isolation in OR was 67% from the liver, 33% from the spleen and the heart blood, 55% from ceca and 44% from fecal samples, whereas in IP it was 78% from the liver, 44% from the spleen, heart and ceca, and 33% from fecal samples (Table III) . units of Salmonella Gallinarum in the spleen and liver are necessary for the development of significant pathological and hematological changes. Environmental conditions (including pH, temperature and growth in chicken tissues) can also affect the expression of Salmonella Gallinarum virulence factors such as flagella and fimbriae, outer membrane proteins and iron uptake systems (39) . The presence of B and T lymphocytes in the upper gastrointestinal tract (25, 38) and anti-Salmonella IgA in the crops of birds have also been reported to counter oral infection (18) . These conditions make difficult the experimental reproduction of FT through the oral route. The intraperitoneal route of infection could be an alternative to overcome these difficulties in experimental trials where the oral route of infection is not essential.
Isolation of SG in the liver and spleen of dead chicks suggested that death originated from FT. No bacteria were isolated from the birds of the control group. A large degree of similarity between OR and IP birds was also observed in the frequency of isolation of samples from liver, spleen, heart blood, cecum and feces in the present study. Most of these samples were positive at one week postinfection but only a small percentage were still positive at three weeks postinfection. This observation concurs with that of Wigley et al. (41) . The ability of Salmonella Gallinarum strain to invade the liver and spleen, although indicative of a systemic infection, has not always correlated with the frequency of fecal shedding of the pathogen. The decrease in the rate of fecal shedding of the bacterium after one week postinfection in both groups agrees with earlier findings (13, 19, 20) . Ishola (20) reports that the rate of fecal shedding decreases from one to four weeks postinfection with S. enteritidis. The decline in the rate of fecal shedding or re-isolation from visceral organs indicates a reduction in the level of systemic infection in birds, probably through a humoral and cell mediated immune response (16, 27) . Both responses peak at three to four weeks postinfection, a point that coincides with bacterial clearance (41) . The percentage increase of birds shedding the organism at week 5 postinfection in both infected groups could be due to a gradual reduction in the immune response. Oral challenge at relatively low doses, as it is likely to occur in broiler chickens under natural outbreaks, may not cause systemic infection but rather intestinal carriage which is more persistent (11) . The presence of more than 50% birds as silent carriers in orally infected birds in the present study indicates that the majority of birds may act as carriers for other birds.
■ DISCUSSION
In the present study, FT was reproduced experimentally through both oral and intraperitoneal routes by locally isolated Salmonella Gallinarum strain to study various pathological alterations and the frequency of bacterial isolation from internal organs. We previously described the clinical signs, mortality and hematobiochemical changes (29) . They correlate with the bacterial isolation, and gross and microscopic lesions of the disease.
The most common lesions observed were necrosis, degeneration, hemorrhages and infiltration of leukocytes, in conformity with earlier reports (12, 15, 26) . However, the distribution and intensity of these lesions in various organs following the two routes of inoculation differed. The earlier appearance of clinical signs (29) and lesions in IP birds could be used to reduce expense and timing by diminishing the number of studied birds and hours of experimentation.
Gross and microscopic lesion scores suggested that the liver and spleen were the primary target organs involved in SG infection, irrespective of the route of inoculation. These observations are similar to those from Al-Shabibi (2) on Salmonella Typhimurium infection. Severe catarrhal enteritis, which was more prominent in orally infected birds, has also been reported by Prasanna et al. (33) . The sloughing of superficial layers of villi revealed the damage to the integrity of the intestinal epithelium, resulting in the translocation of bacteria to other tissues in OR birds. Colonization of visceral organs including the liver and spleen occurs when Salmonella is not cleared by the host immune system, resulting in systemic infection (1) . The lesions in the liver, spleen, heart, kidneys, bursa, intestines and lungs revealed the invasive potential of the Salmonella Gallinarum strain used and its pathogenicity.
In general, pathological changes were of less intensity in OR birds than in IP birds, as suggested by the fact that mean gross lesion scores for the liver, and mean histopathological scores for the liver, spleen and heart were significantly higher in IP birds than in OR birds. This could be because only a small proportion of the bacteria in OR (compared to IP) were able to reach visceral organs due to the antagonistic effects of low gastric pH (37) and inhibitory effects of the normal intestinal flora (8) . As reported by Christensen et al. (7), viable counts of approximately 10 4 colony-forming Los cambios macro e histopatológicos fueron comparados entre los grupos infectados mediante medidas de graduación promedio de las lesiones. Los cambios macro e histopatoló-gicos en los órganos viscerales, a pesar de ser similares en ambos grupos infectados, fueron más severos y observados a un estadio más temprano de infección y en más aves en el grupo IP. Sin embargo no hubo diferencia significativa entre los dos grupos infectados en cuanto a la frecuencia del aislamiento de Salmonella Gallinarum de los órganos internos, incluyendo en efusiones fecales. Por lo tanto se concluye que la ruta intraperitoneal debe ser considerada ante todo para inducir la infección por Salmonella Gallinarum en estudios experimentales.
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